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£ EVD355EAT1SUS 

METHODS AND APPARATUS FOR INDUCING STRESS IN A 
SEMICONDUCTOR DEVICE 

FIELD OF INVENTION 

The present invention relates generally to semiconductor devices and 
more particularly to methods and apparatus for fabricating semiconductor 
devices using implantation to induce stress in an electrical device. 

BACKGROUND OF THE INVENTION 

Many conventional semiconductor devices include metal-oxide- 
semiconductor field-effect transistor (MOSFET) and other transistor devices to 
perform a variety of functions, such as switching, amplification, and the like. As 
required switching speeds increase and as operating voltages levels decrease in 
semiconductor products, the performance of transistors within such products 
needs to be correspondingly improved. For instance, switching speed 
requirements of MOSFETs and other transistors continue to increase in order to 
facilitate faster and improved product performance. Moreover, as such devices 
increasingly find application within wireless communications systems, portable 
computers, and other low-power, low-voltage devices, MOSFETs and other 
devices increasingly must be adapted to operate using less power and at lower 
voltages. 

The carrier mobility in a MOSFET device can have a significant impact on 
power consumption and switching performance. The carrier mobility is a 
measure of the average speed of a carrier (e.g., holes or electrons) in a given 
semiconductor, given by the average drift velocity of the carrier per unit electric 
field. Thus, improved carrier mobility can improve the switching speed of a 
MOSFET transistor. Moreover, improving the carrier mobility in the device can 
allow operation at lower voltages. This may be accomplished, in addition, by 
reducing the channel length and gate dielectric thickness in order to improve 
current drive and switching performance. However, reducing the gate dielectric 
thickness results in an increase in gate tunneling current, which in turn degrades 
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the performance of the device by increasing off state leakage. In addition, 
decreasing gate length generally requires more advanced and expensive 
lithography technology. 

Other attempts at improving carrier mobility in silicon MOSFET devices 
have included depositing silicon/germanium alloy layers between upper and 
lower silicon layers under compressive stress, in order to enhance hole carrier 
mobility in a channel region. However, such buried silicon/germanium channel 
layer devices have shortcomings, including increased alloy scattering in the 
channel region that degrades electron mobility, a lack of favorable conduction 
band offset which mitigates the enhancement of electron mobility and the need 
for large germanium concentrations to produce strain and thus enhanced 
mobility. Furthermore, such additional alloy layers and silicon layers are costly, 
adding further processing steps to the device manufacturing procedure. Thus, 
there is a need for methods and apparatus by which the carrier mobility and other 
electrical operational properties of MOSFET and other transistor devices may be 
improved so as to facilitate improved switching speed and low-power, low- 
voltage operation, without significantly adding to the cost or complexity of the 
manufacturing process. 

SUMMARY OF THE INVENTION 

The following presents a simplified summary in order to provide a basic 
understanding of one or more aspects of the invention. This summary is not an 
extensive overview of the invention. It is intended neither to identify key or 
critical elements of the invention nor to delineate the scope thereof. Rather, the 
primary purpose of the summary is to present some concepts of the invention in 
a simplified form as a prelude to the more detailed description that is presented 
later. The invention relates to semiconductor device fabrication, wherein 
selective implantation of one or more species are used to induce stress in 
electrical devices within a semiconductor chip. The induced stress may be used 
to modify the electrical behavior of the devices, such as by improving carrier 
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mobility, silicidation, diffusion behavior, or other performance characteristics or 
fabrication processes. 

The invention generally provides methods and apparatus for selectively 
inducing stress in a semiconductor device, wherein a first region of a substrate is 
5 implanted so as to induce stress in a second region. An electrical device is 
formed at least partially in the second region, wherein the induced stress therein 
may be advantageously employed to improve performance characteristics in a 
controlled fashion. In this manner, the invention may be employed, for instance, 
to induce stress (e.g., tensile or compressive) selectively in a channel region 
10 (e.g., or a portion thereof) in a MOSFET device, in order to improve carrier 

mobility. Furthermore, the particular species chosen for implantation in the first 
region may be selected according to the type of device in which stress is to be 
induced (e.g., PMOS or NMOS). 

According to one aspect of the present invention, a method is provided for 
1 5 fabricating semiconductor devices. The method involves selectively implanting a 
first region in a substrate so as to induce stress in a second region in the 
substrate, and forming an electrical device in the substrate, at least a portion of 
the electrical device being in the second region. The first region may, but need 
not, be formed so as to underlie the second region, and may be implanted by 
20 forming a mask over a first portion of a top of the substrate in order to leave a 
second portion thereof exposed, and performing an ion implantation using the 
mask so as to implant the first region in the substrate below the exposed second 
portion. In order to conserve on processing steps, the implantation may be done 
using masks already used for other operations. For example, the implantation 
25 may be done using a dopant mask, also employed to selectively dope the 
substrate (e.g., to form source/drain regions and/or depletion type channel 
regions, etc.) using at least one of diffusion and implantation during formation of 
a MOSFET type electrical device. As another example, the mask used for 
implantation of the first region may also function as an etch mask used to form an 
30 isolation trench or other ancillary structures. 
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Various implantation species may be used for implanting the first region. 
For example, in one implementation of the method, the implantation may employ 
carbon, germanium, and/or oxygen using the mask to implant the first region in 
the substrate below the exposed second portion. Carbon may be used, for 
example, where it is desired to create a tensile stress in the first region. This 
stress, in turn, induces a stress (e.g., tensile or compressive) in the second 
region, depending on the configuration of the first and second regions in the 
substrate. Conversely, implantation of germanium or oxygen in the first region 
may be done to create a compressive stress therein. The induced stress in the 
second region may thus be engineered to advantageously affect the electrical 
operation of the device. For instance, compressive induced stress in the second 
region may be used to increase hole mobility in a PMOS channel region, 
whereas tensile induced stress may be employed to increase electron mobility in 
an NMOS type device. 

Another aspect of the invention provides a semiconductor device, having 
first and second regions in a substrate. The first region is implanted so as to 
induce stress in the second region, and an electrical device or a portion thereof is 
provided in the second region. The first region may be located beneath at least a 
portion of the second region, or be near the second region in order to facilitate 
the induced stress effect therein. The electrical device may be, for example, a 
transistor with a source/drain region or a channel region formed within the 
second region, and the first region may be implanted with carbon, germanium, 
and/or oxygen so as to induce stress in the second region. Yet another aspect of 
the invention provides a method of improving carrier mobility in a channel region 
of a MOSFET device, which involves implanting a first region in a substrate so as 
to induce stress in a second region in the substrate, and forming at least a 
portion of the channel in the second region of the substrate. 

To the accomplishment of the foregoing and related ends, the following 
description and annexed drawings set forth in detail certain illustrative aspects 
and implementations of the invention. These are indicative of but a few of the 
various ways in which the principles of the invention may be employed. Other 
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aspects, advantages and novel features of the invention will become apparent 
from the following detailed description of the invention when considered in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side elevation view in section illustrating a portion of an 
exemplary semiconductor device in accordance with the present invention; 

Fig. 2 is a flow diagram illustrating an exemplary method of fabricating a 
semiconductor device in accordance with another aspect of the invention; 

Figs. 3-6 are side elevation views in section illustrating a portion of an 
exemplary implementation of structures and methodologies in accordance with 
the invention, wherein one or more regions underlying MOSFET source/drain 
regions in a semiconductor substrate are implanted in order to induce stress 
therein; 

Figs. 7-10 are side elevation views in section illustrating a portion of 
another exemplary implementation of structures and methodologies in 
accordance with the invention, wherein a region underlying a MOSFET channel 
region in a semiconductor substrate is implanted in order to induce stress 
therein; 

Figs. 11-14 are side elevation views in section illustrating a portion of 
another implementation of the invention, wherein one or more regions near 
isolation trenches in a semiconductor substrate are implanted in order to induce 
stress in a MOSFET device; 

Figs. 15-18 are side elevation views in section illustrating a portion of 
another implementation of the invention, wherein a region underlying an electrical 
device in a semiconductor substrate is implanted in order to induce stress in a 
MOSFET device; and 

Figs. 19-22 are side elevation views in section illustrating a portion of 
another implementation of the invention, wherein a region underlying an electrical 
device in a semiconductor substrate is implanted in order to induce stress in a 
MOSFET device. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now be described with reference to the attached 
drawings, wherein like reference numerals are used to refer to like elements 
5 throughout. The invention relates to methods and structures for influencing 
stress in an electrical region of a semiconductor device, by which one or more 
operational performance characteristics of the device may be improved. In the 
illustrated examples which follow, several implementations of the invention are 
shown and described which operate to improve carrier mobility in MOSFET type 
1 0 transistors. However, it will be appreciated that the various aspects of the 
invention may be employed to improve or modify other characteristics of 
semiconductor devices apart from carrier mobility, as well as in association with 
£ devices other than MOSFET transistors. For example, alternatively or in 
!H combination with affecting carrier mobility, the present invention may be 
E* 15 advantageously employed in improving diffusion behavior, silicidation, and other 
operational characteristics or in advantageously influencing manufacturability or 
reliability of semiconductor devices. 

Referring initially to Fig. 1, an exemplary semiconductor device 10 is 
t illustrated in section in accordance with the present invention, comprising first 
Q 20 regions 12a, 12b, and 12c (hereinafter collectively referred to as 12) locally 

implanted in a silicon or other semiconductor substrate 14 between a first depth 
16a and a second depth 16b below an upper surface 18 of the substrate 14. A 
MOSFET type transistor device 20 is formed in the semiconductor device 10, 
with source/drain regions 22a and 22b and a channel region 24 formed within a 
25 second region 26 of the substrate 14, wherein the second region extends 
generally from the upper surface 18 to a depth 28 in the substrate 14, and 
wherein the depth 28 is less than the depths 16a and 16b associated with the 
first regions 12. It is noted at this point that the second region 26 may, but need 
not, extend upwardly to the top surface 18 of the substrate 14. The transistor 20 
30 further comprises a gate oxide structure 30 formed over the channel region 24, 
as well as a poly gate structure 31 and a conductive gate contact structure 32 
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overlying the poly gate 31 , and source/drain contact structures 34a and 34b 
overlying portions of the source/drain regions 22a and 22b, respectively. The 
device 10 may further include other overlying structures, such as one or more 
insulation layers and connection metal layers (not shown), wherein it is noted that 
5 the relative sizes of the structures shown in Fig. 1 are not necessarily to scale. 

The first regions 12 are thus implanted near to, but not substantially within 
the second region 26. In this regard, it is noted that the implanted species 
concentration within the first regions 12 may comprise a distribution, wherein 
non-uniform implantation concentration within the regions 12 is contemplated as 
10 falling within the scope of the present invention. Furthermore, it will be 

appreciated that the implantation of the first regions 1 2 may, but need not impart 
O a non-zero amount of implanted species within the second region 26. The first 
PJ regions 12, moreover, are implanted so as to induce stress in the second region 
0 26 so as to advantageously impact one or more performance characteristics or 
H 15 other features of the electrical MOSFET device 20 through induced stress in the 
H second region 26. For instance, in the device 1 0 of Fig. 1 , the first region 1 2a 
u underlies the source/drain region 22a in the second region 26, the first region 
u 12b underlies the MOSFET channel 24 in the second region 26, and the first 
% region 12c underlies the source/drain region 22b in the second region 26. The 
H 20 first regions 12 may be implanted using any appropriate ion implantation 

apparatus (not shown) so as to induce stress in the second region 26 or portions 
thereof, without implanting particles in the second region 26. For instance, 
carbon, germanium, and/or oxygen may be implanted in the first regions 26 so as 
to induce stress in the second region 26. 
25 Due to the impact of such implantation on the lattice structure of the silicon 

in the first regions 12, volumetric expansion or contraction can be achieved by 
controlling the dosage of the implantation to achieve any desired concentration of 
implanted species within the silicon. Thus, where germanium or oxygen is 
implanted in the regions 12, for example, a volumetric expansion results in the 
30 regions 12 creating a compressive stress therein, which in turn induce 

compressive or tensile stress in one or more portions in the second region 26. 
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Conversely, implantation of one or more of the first regions 12 with carbon, for 
example, causes a volumetric contraction and a corresponding tensile stress 
therein, which may be used to induce a compressive stress in the second region 
26. As a result of such induced stress in the second region 26, performance or 
5 behavior of electrical devices therein (e.g., the source/drain regions 22a, 22b 
and/or the channel region 24) can be modified. For instance, compressive 
induced stress in the second region 26 may be used to increase hole mobility in 
a PMOS channel region 24 of the MOSFET transistor 20, whereas tensile 
induced stress may be employed to increase electron mobility in an NMOS type 
10 device 20. 

It is noted at this point that based on the relative locations of the first and 
O second regions, that implantation created compressive stress in the first regions 
12 may be used to selectively induce tensile stress in the second region 26, and 
O further that implantation created tensile stress in the first regions 12 may be used 
|I 1 5 to selectively induce compressive stress in the second region 26. Thus it will be 
^ a appreciated that many different configurations of first and second regions may be 
u employed within the scope of the invention so as to effectuate any desired 
E induced stress in the second region 26 by selective localized implantation of 
f appropriate species in the first regions 12. Thus, the invention is not limited by 
P 20 the first and second regions 12 and 26, respectively, as illustrated in Fig. 1 , and 
that many other relative locations, sizes, and/or orientations of first and second 
regions are contemplated as falling within the scope of the present invention and 
the appended claims, several of which are illustrated and described further 
hereinafter with respect to Figs. 3-22. For instance, while the device 10 in Fig. 1 
25 illustrates the implanted first regions 12 generally underlying the second region 
26 and the electrical devices (e.g., the source/drain regions therein 22 and the 
channel region 24), that the first regions 12 may be laterally disposed with 
respect thereto without completely or partially underlying the region 26. The 
invention thus comprises implantation of any first region in the substrate 14 so as 
30 to induce stress in a second region thereof. 
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Another aspect of the invention provides methods for fabricating 
semiconductor devices. The methods comprise selective implantation of a first 
region in a substrate so as to induce stress in a second region in the substrate, 
and the formation of an electrical device in the substrate, at least a portion of 
5 which is in the second region. The first region may, but need not be formed so 
as to underlie the second region or a portion thereof, such as through forming a 
mask over a first portion of a top of the substrate in order to leave a second 
portion thereof exposed, and performing an ion implantation using the mask so 
as to implant the first region in the substrate below the exposed second portion. 
10 In this regard, the implantation may be done using masks already used for other 
operations, so as to conserve on processing steps. For example, the 
p implantation may be done using a dopant mask, also employed to selectively 
Pj dope the substrate (e.g., to form source/drain regions and/or depletion type 
Q channel regions, etc.) using at least one of diffusion and implantation during 
u 1 5 formation of a MOSFET type electrical device. As another example, the mask 
^ used for implantation of the first region may also function as an etch mask used 

•5 

H to form an isolation trench. 

J l j in Fig. 2, an exemplary method 50 is illustrated in accordance with the 

* present invention. Although the method 50 is illustrated and described 

Jri 20 hereinafter as a series of acts or events, it will be appreciated that the present 

invention is not limited by the illustrated ordering of such acts or events, as some 
acts may occur in different orders and/or concurrently with other acts or events 
apart from those illustrated and/or described herein, in accordance with the 
invention. In addition, not all illustrated steps may be required to implement a 
25 methodology in accordance with the present invention. Furthermore, the 

methods according to the present invention may be implemented in association 
with the formation of structures illustrated and described herein as well as in 
association with other structures not illustrated. 

Beginning at 52, the method 50 comprises selectively implanting a first 
30 region in a substrate at 54 so as to induce stress in a second region in the 

substrate, and forming an electrical device in the substrate at 56, wherein at least 
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a portion of the electrical device is in the second region, before the method 50 
ends at 58. The selective implantation at 54 may comprise implanting the first 
region beneath at least a portion of the second region, and may advantageously 
employ masks used for other processing steps in fabricating the device. As 
5 discussed above, the implantation may employ any suitable species, energy 
levels, and concentrations so as to induce the desired stress in the second 
region, for example, such as by implanting carbon, germanium, oxygen, or other 
species. 

Referring now to Figs. 3-6, one implementation of the invention is 
10 illustrated in which one or more regions underlying MOSFET source/drain 
M regions in a semiconductor substrate are implanted in order to induce stress 

0 therein A semiconductor device 1 10 is illustrated in Fig. 3 comprising a 

O 

ni substrate 114, such as silicon, having field oxide portions 1 1 1 formed (e.g. using 

P local oxidation of silicon or LOCOS processing) laterally on either side of an 

if =s 

H 1 5 active area for a prospective MOSFET transistor device (not shown), and a gate 
r dielectric layer 1 1 3, such as Si02 of any appropriate thickness, grown at the top 
surface 118 of the substrate 1 14 using appropriate thermal oxidation processing 

1 y 

H (not shown). A stress implantation mask 1 15 is formed on the top surface 1 18 of 
p the substrate 1 14 overlying the field oxide portions 1 1 1 as well as a portion of the 
^ 20 gate oxide layer 1 1 3, so as to expose regions of the gate oxide layer 1 1 3 

generally overlying prospective source/drain regions in the substrate 114. First 
regions 1 12a and 1 12b are implanted in the substrate 114 through the exposed 
portions of the gate oxide layer 1 1 3 using the mask 1 1 5 via an implantation 
process 117 between a first depth 1 16a and a second depth 1 16b below the 
25 upper surface 1 18 of the substrate 114, for example, using one of germanium, 
oxygen, and carbon as an implantation species. Although the implantation 
process 117 is illustrated as being performed after formation of the gate oxide 
layer 1 13, it will be appreciated that the first regions 112 may alternatively be 
implanted in the substrate 1 1 4 prior to forming the gate oxide layer 1 1 3 within the 
30 scope of the present invention. 
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The implantation process 117 provides selective, localized implantation in 
the first regions 1 1 2a and 1 1 2b by virtue of the openings in the mask 1 1 5. The 
stress implantation mask 1 15 is then removed and a polysilicon layer 121 is 
deposited on the device 1 1 0, as further illustrated in Fig. 4. A second mask 1 1 5' 
5 is then formed on the polysilicon layer 121 , generally overlying a prospective 
gate region, and a selective etch process 119 is employed to remove the 
exposed portions of the polysilicon 121 . As illustrated in Figs. 5 and 6, a 
source/drain implantation process 123 (e.g., such as a lightly doped drain (LDD) 
implantation using phosphorus or boron or other desired dopants) is then 
10 employed to form first and second source/drain regions 122a and 122b, 
, respectively, defining a channel region 124 therebetween, in a second region 126 

Q in the substrate 1 14. The second region 126 extends downwardly from the 
|j substrate top surface 1 18 to a second region depth 128, wherein the depth 128 is 
0 less than the first and second depths 1 16a and 1 16b. Thereafter, further 
h* 15 processing may be performed to refine the source/drain regions 122, such as 

sidewall spacer formation, further implantation of the source drain regions 122, 
^ silicide formation on the upper surfaces of the gate structure 121 and the 
h source/drain regions 1 22, and creation of conductive pads or contact structures 
jtj (not shown) overlying portions of the source/drain regions 122a and 122b, 
H 20 respectively, and the gate structure 121 (not shown), by which a MOSFET type 
transistor device 1 20 is created. The device 1 1 0 may include further overlying 
structures, such as one or more insulation layers and connection metal layers 
(not shown), wherein it is noted that the relative sizes of the structures shown in 
Figs. 3-6 are not necessarily to scale. 
25 It is noted in Fig. 6 that the first regions 1 12a and 1 12b are implanted 

proximate or near to the second region 126, and in particular, to the source/drain 
and channel regions 122 and 124, respectively. The implantation into the first 
regions 1 12 via the process 117 (Fig. 3), moreover, creates compressive or 
tensile stress in the regions 112 (e.g., depending upon the implantation species 
30 employed) so as to induce stress in the second region 126. The resulting 

induced stress may be used to advantageously impact one or more performance 
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characteristics or other features of the electrical MOSFET device 1 20. The first 
implanted region 112a underlies the source/drain region 122a in the second 
region 126 and the first region 1 12b underlies the source/drain region 122b in the 
second region 126. The first regions 1 12a and 1 12b may be implanted using any 

5 appropriate ion implantation apparatus (not shown) so as to induce stress in the 
second region 126 or portions thereof, without implanting a substantial amount of 
particles in the second region 126. For instance, carbon, germanium, and/or 
oxygen may be implanted in the first regions 1 12 so as to induce stress in the 
second region 126, and in particular, to induce stress in one or more of the 

1 0 source/drain regions 1 22 and/or the channel region 1 24 in a controlled fashion. 
The implantation of the regions 1 12a and 1 12b impacts the lattice 
structure of the silicon in the first regions 1 12 of the substrate 114, resulting in 
volumetric expansion or contraction thereof according to the dosage, energy, and 
species type of the implantation process 1 17 to achieve any desired 

1 5 concentration of implanted species within the silicon in the regions 112, including 
non-uniform (e.g., Gaussian distribution or other) concentrations thereof. For 
instance, germanium or oxygen may be implanted in the regions 1 12 to affect a 
volumetric expansion and a corresponding compressive stress therein, which 
induces tensile stress in one or more portions in the second region 126. 

20 Conversely, implantation of one or more of the first regions 1 1 2 with carbon 
causes a volumetric contraction and a corresponding tensile stress in the first 
regions 1 12, which may be used to induce a compressive stress in the second 
region 126. 

Thus, in the device 1 10 of Fig. 6, it is noted that where carbon is implanted 
25 in the regions 1 1 2 underlying the source/drain regions 1 22, the regions 1 1 2 will 
have a tensile stress created therein, which may induce compressive stress in 
the overlying source/drain regions 122. In addition, depending on the relative 
sizes and orientations of the first regions 1 12 and the channel region 124, the 
tensile stress in the regions 112 may induce a compressive stress in the channel 
30 region 124. As a result of such induced stress in the second region 126, 
performance or behavior of electrical devices therein (e.g., the source/drain 
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regions 122a, 122b and/or the channel region 124) can thus be modified. For 
instance, compressive induced stress in the second region 126 may be used to 
increase hole mobility in a PMOS channel region 124 of the MOSFET transistor 
120, whereas tensile induced stress may be employed to increase electron 
5 mobility in an NMOS type device 120. 

It is noted that the invention is not limited to first and second regions (e.g., 
regions 1 12 and 126) at different depths and that the first and second regions 
may be at the same depths relative to the substrate top surface 1 18, or at 
overlapping depths, wherein lateral spacing therebetween may be provided. In 
10 this regard, any such relative locations may be implemented in accordance with 
the invention, by which implantation into the first region(s) induces stress in the 
second region(s). It is further noted in the implementation of Figs. 3-6, that the 
mask 1 1 5' (Fig. 4) may alternatively be used for implantation of the regions 1 1 2 
as well as for the formation of the polysilicon gate structure 121 (Figs. 5 and 6). 
\° h 1 5 Thus, it is seen that the selective implantation of the first regions 1 1 2 can be 
h accomplished using existing (e.g., dual purpose) masks, so as to minimally 
Jj, impact the fabrication process, while providing improvement in one or more 
W electrical performance characteristics of the device 1 1 0. 
! , c p Referring now to Figs. 7-1 0, another exemplary implementation of the 

P 20 invention is illustrated, wherein a first region underlying a MOSFET channel 
region is implanted in order to induce stress in the channel. A semiconductor 
device 210 is illustrated in Fig. 7 comprising a substrate 214, having field oxide 
portions 21 1 formed laterally on either side of an active area for a prospective 
MOSFET transistor device (not shown), and a gate oxide layer 213 grown at a 
25 top surface 218 of the substrate 214. A stress implantation mask 215 is formed 
on the top surface 218 of the substrate 214 overlying the field oxide 21 1 as well 
as a portion of the gate oxide layer 21 3, so as to expose regions of the gate 
oxide 213 generally overlying a prospective channel region in the substrate 214. 
First regions 212a and 212b are implanted in the substrate 214 through the 
30 exposed portions of the gate oxide layer 213 using the mask 215 via an 

implantation process 217 between a first depth 216a and a second depth 216b 
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below the upper surface 218 of the substrate 214, for example, using one of 
germanium, oxygen, and carbon as an implantation species. As with the device 
110 of Figs. 3-6, the implantation process 217 of Fig. 7 for forming the first 
regions 212 may alternatively be performed prior to forming the gate oxide layer 
5 213. 

Referring also to Fig. 8, the stress implantation mask 115 is then removed 
and a polysilicon layer 221 is deposited on the device 210. A second mask 215' 
is formed on the polysilicon layer 221, generally overlying a prospective gate or 
channel region, and a selective etch process 219 is employed to remove the 
10 exposed portions of the polysilicon 221. In Figs. 9 and 10, a source/drain 
implantation process 223 is employed to form first and second source/drain 
O regions 222a and 222b, respectively, defining a channel region 224 
§j therebetween, in a second region 226 in the substrate 214. The second region 
O 226 extends downwardly from the substrate top surface 21 8 to a second region 
P 15 depth 228 less than the first and second depths 216a and 216b. Thereafter, 
|s * further processing may be performed to refine the source/drain regions 222, and 

conductive contact structures (not shown) may be formed overlying portions of 
fl the source/drain regions 222a and 222b, respectively, and the remaining 
j£j polysilicon gate structure 221 (not shown), by which a MOSFET type transistor 
P 20 device 220 is created. The device 210 may include further overlying structures, 
such as insulation and metal layers metal layers, wherein the relative sizes of the 
structures illustrated in Figs. 7-10 are not necessarily to scale. 

In this manner, the MOSFET type transistor device 220 is formed in the 
device 210, which may be PMOS or NMOS, depending upon the initial doping of 
25 the substrate 214 and the dopant implantation process 223 of Fig. 9. The 
implantation into the first region 212 via the process 217 (Fig. 7) creates 
compressive or tensile stress in the region 212 (e.g., depending upon the 
implantation species employed therein) so as to induce stress in the second 
region 226, which in turn can be used to change one or more performance 
30 characteristics or other features of the electrical MOSFET device 220. 
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In this implementation, the first implanted region 212 underlies the channel 
region 224 in the second region 226. The first region 212 may be implanted 
using any appropriate ion implantation apparatus (not shown) so as to induce 
stress in the second region 226 or portions thereof (e.g., the channel region 224), 
5 without implanting a substantial concentration of particles in the second region 
226. Thus, for example, carbon, germanium, and/or oxygen may be implanted 
in the first region 212 to induce stress in the second region 226, and in particular, 
to induce stress in one or more of the source/drain regions 222 and/or the 
channel region 224 in a controlled fashion. For instance, germanium or oxygen 
1 0 may be implanted in the first region 21 2 for volumetric expansion thereof and a 
corresponding compressive stress therein. This, in turn induces tensile stress in 
one or more portions in the second region 226, for example, inducing a tensile 
stress in the channel region 224. This may result in improved carrier mobility, for 
O instance, where the device 220 is an NMOS device. Conversely, carbon 
P 15 implantation may be used to contract the first region 212, such as where the 
: H device 220 is a PMOS device, causing a tensile stress therein and inducing a 
L compressive stress in the channel 224 of the second region 226. 

Referring now to Figs. 11-14, the present invention may be employed in 
f: conjunction with device isolation processing, such as shallow trench isolation 
|f 20 (STI) techniques. Although the following exemplary implementations of Figs. 11- 
22 are illustrated and described hereinafter in association with STI isolation 
techniques, it will be appreciated that similar or related processing may be 
carried out in conjunction with other device isolation techniques, such as field 
oxide formation (e.g., LOCOS processing) or the like, and that such alternative 
25 implementations are contemplated as falling within the scope of the present 

invention and the appended claims. In this regard, formation (e.g., implantation) 
of first regions in the substrate may be advantageously performed in association 
with such isolation steps in order to utilize existing masks therefor, as well as to 
accommodate or compensate for stress resulting from formation of isolation 
30 structures (e.g., such as stress induced in a substrate as a result of shallow 
trench formation or the like). 
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7\ semiconductor device 310 is illustrated in Fig. 11 having a substrate 
314, with an STI mask 315 formed on a top surface 318 of the substrate 314, 
where the mask 315 has openings over prospective isolation trenches. An etch 
process 317 is employed to create trenches 331a and 331b in the substrate 314 
5 as illustrated in Fig. 12, wherein the trenches 331 each comprise sidewalls 337 
and bottom surfaces 339. Referring also to Fig. 13, the mask 315 is also used 
with an implantation process 319 to form first regions 312a and 312b generally 
underlying the trenches 331a and 331b, respectively. Thereafter, a deposition 
process 333 is employed (e.g., again using the STI mask 315) to fill the trenches 
10 331 a and 331 b with oxide material to form isolation structures 335, as illustrated 
in Fig. 14 for isolation with respect to adjacent devices, 
p a MOSFET transistor device 320 is then formed using appropriate 

!'J processing steps (not shown), wherein the device 320 comprises first and 
O second source/drain regions 322a and 322b, respectively, which define a 
|I 1 5 channel region 324 therebetween, in a second region 326 extending below the 

substrate surface to a second region depth 328. The transistor 320 further 
U comprises a gate oxide structure 330 and a polysilicon gate structure 340 
j[jf overlying the channel region 324, as well as conductive contact structures, and 
■P additional overlying insulation and metal layers (not shown). The MOSFET 
11 20 device 320 may be PMOS or NMOS, depending upon the doping of the substrate 
314 and that of the source/drain regions 322. 

The implantation into the first regions 312 via the process 319 of Fig. 12 
creates compressive or tensile stress in the regions 312 so as to induce stress in 
the second region 326, which in turn can be used to change one or more 
25 performance characteristics or other features of the electrical MOSFET device 
320. Further in this regard, it is noted that the formation of the STI trenches 331 
through the etch process 31 7, and/or the filling of the trenches 331 with oxide 
335 via the process 333 may cause stress (e.g., either compressive or tensile) in 
the substrate 314, such as in the second region 326, which in turn may impact 
30 the electrical performance of the device 320. It will be appreciated that where 
such trench related stress is favorable to the performance of the device 320, the 
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implantation into the first regions 312 may be employed to advantageously 
increase such stress. Conversely, where such trench related stress is adverse to 
the device operation, the implantation of regions 312 may be used to counteract 
or otherwise to compensate for this stress, by which the performance of the 
device 320 may be improved. 

Another implementation of the invention is illustrated and described 
hereinafter with respect to Figs. 15-18. Like the device 310 of Figs. 11-14, the 
implementation of Figs. 15-18 involves the isolation process. In Fig. 15, a 
semiconductor device 410 is illustrated having a substrate 414, with an STI mask 
415 formed thereon, wherein the mask 415 includes openings over prospective 
isolation trenches. An etch process 417 is employed to create trenches 431a 
and 431b in the substrate 414 as illustrated in Fig. 16, each of which having 
sidewalls 437 and bottom surfaces 439, whereafter the mask 415 is removed. 
An implantation process 419 is then used to form a first region 412 underlying the 
trenches 431a and 431b and the remainder of the illustrated portion of the 
substrate upper surface 418. Referring also to Fig. 17, a deposition process 433 
is then employed to fill the trenches 431a and 431b with oxide material to form 
isolation structures 435a and 435b. Thereafter, as illustrated in Fig. 18, a 
MOSFET transistor device 420 is formed, which comprises first and second 
source/drain regions 422a and 422b, respectively, defining a channel region 424 
therebetween, in a second region 426 extending below the substrate surface to a 
second region depth 428. 

The transistor 420 further comprises a gate oxide structure 430 and a 
polysilicon gate structure 440 overlying the channel region 424, as well as 
conductive contact structures overlying portions of the source/drain regions 422a 
and 422b, respectively, and the polysilicon 440. The MOSFET device 420 may 
be PMOS or NMOS, depending upon the initial doping of the substrate 414 and 
that of the source/drain regions 422, and it is to be appreciated that the device 
410 may include further overlying structures (not shown), such as one or more 
insulation layers and connection metal layers. The implantation into the first 
region 412 via the process 419 of Fig. 16 thus creates compressive or tensile 
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stress in the region 412 so as to induce stress in the second region 426, which in 
turn can be used to change one or more performance characteristics or other 
features of the electrical MOSFET device 420. 

Yet another implementation of the present invention is illustrated and 
described below with respect to Figs. 19-22, wherein a semiconductor device 
510 comprises a substrate 514, with a first mask 515 formed thereon. The mask 
515 includes an opening exposing a prospective transistor device area, through 
which an implantation process 517 is performed to implant a desired species 
(e.g., such as carbon, germanium, oxygen, or the like) in a first region 512 
underlying the prospective transistor device area between first and second 
depths 516a and 516b. The mask 515 is then removed, and a second (e.g., STI) 
mask 515' is formed on the substrate top surface 518, as illustrated in Fig. 20. 
The second mask 515' is used in conjunction with an etch process 519 to form 
trenches 531a and 531b having sidewalls 537 and bottom surfaces 539. 

Thereafter in Fig. 21, a deposition process 533 is used to deposit isolation 
material using the openings in the second mask 51 5' to form isolation structures 
535a and 535b, after which the mask 51 5' is removed. Referring now to Fig. 22, 
a MOSFET transistor device 520 is then formed by appropriate processing steps 
(not shown), having first and second source/drain regions 522a and 522b, 
respectively, defining a channel region 524 therebetween, in a second region 526 
extending below the substrate surface to a second region depth 528. The 
transistor 520 further comprises a gate oxide structure 530 and a polysilicon gate 
structure 540 overlying the channel region 524, as well as conductive contact 
structures overlying portions of the source/drain regions 522a and 522b, 
respectively, the polysilicon gate structure 540. As with the above 
implementations, the MOSFET device 520 may be PMOS or NMOS, depending 
upon the specific process steps (not shown) used to form the transistor 520. The 
implantation into the first region 512 via the process 517 of Fig. 19 thus creates 
compressive or tensile stress in the first region 512 so as to induce stress in the 
second region 526, which in turn can be used to change one or more 
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performance characteristics or other features of the electrical MOSFET device 
520. 

It is noted that although the illustrated implementations of the various 
aspects of the invention have been discussed above in association with 
5 MOSFET transistor devices, other implementations are possible within the scope 
of the invention, wherein selective or localized implantation of one substrate 
region is employed so as to induce stress in another region where at least a 
portion of an electrical device is in the second region. Thus, for example, the 
invention may be advantageously employed in association with other electrical 
1 0 devices, such as memory cells, bipolar transistors, or the like. 

Although the invention has been illustrated and described with respect to 
H" one or more implementations, equivalent alterations and modifications will occur 
q to others skilled in the art upon the reading and understanding of this 
pj specification and the annexed drawings. In particular regard to the various 
H 1 5 functions performed by the above described components (assemblies, devices, 
P circuits, systems, etc.), the terms (including a reference to a "means") used to 

describe such components are intended to correspond, unless otherwise 
Hi indicated, to any component which performs the specified function of the 
X described component (e.g., that is functionally equivalent), even though not 
O 20 structurally equivalent to the disclosed structure which performs the function in 
the herein illustrated exemplary implementations of the invention. In addition, 
while a particular feature of the invention may have been disclosed with respect 
to only one of several implementations, such feature may be combined with one 
or more other features of the other implementations as may be desired and 
25 advantageous for any given or particular application. Furthermore, to the extent 
that the terms "includes", "having", "has", "with", or variants thereof are used in 
either the detailed description and the claims, such terms are intended to be 
inclusive in a manner similar to the term "comprising." 
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